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To know the total width of the recently discovered Higgs boson particle, it is important to measure
the invisible decay width of the Higgs boson. However, the signal for this measurement at the LHC,
i.e., a charged lepton pair and missing energy in the final state, cannot be definitely understood as
the product of the intermediate produced Z and H bosons due to the possible interaction between
dark matter and a Z boson or quarks, which can be described by representative effective operators.
First, we consider the relic abundance, the LUX direct detection experiment and the result of
searching for Higgs boson invisible decay at the LEP and LHC to find the allowed parameter
region for the effective operators. Then we investigate the transverse momentum distribution of the
missing energy and propose two observables that can be used to distinguish the different underlying
processes. Moreover, with these two observables, we may be able to determine the masses of invisible
particles.
PACS numbers: 14.80.Bn, 95.35.+d, 12.38.Qk
INTRODUCTION
It is important to precisely measure the properties of
the Higgs boson after its discovery [1, 2]. The total width
of the Higgs boson is difficult to measure at a hadron
collider due to the unmeasurable partonic center-of-mass
energy. As a result, one can only get information on
the total width from the global fit and sum over vari-
ous decay channels of the Higgs boson [3] 1. The largest
decay channel is H → bb¯, which suffers from overwhelm-
ing QCD backgrounds. Although it becomes possible to
detect H → bb¯ by using a delicate method proposed in
Ref. [6] and the ATLAS and CMS collaborations have
searched for the bb¯ decay in the V (W,Z)H associated
productions, the statistical uncertainties of the results
are still too large [7, 8]. The decay channel H → gg
faces the same problem, but there is no b-tagging tech-
nology that can be used in H → bb¯. The decay width of
this channel can only be obtained from a global fit of the
relevant Higgs couplings.
In addition, there are still possibilities for the Higgs
boson decaying to invisible particles [1, 2, 9–16]. To
measure the invisible decay width of the Higgs boson at
colliders, it is necessary to consider the associated pro-
duction of the Higgs boson with some visible particles.
The Z boson is a good choice due to its large coupling to
the Higgs boson, large production rate and clear signa-
ture at colliders. Because of the limited center-of-mass
energy, the experiment at the LEP has only excluded
1 We notice that a constraint is presented on the total width of the
Higgs boson, i.e., ΓH < 22 MeV at the 95% confidence level [4],
by using its relative on-shell and off-shell production and decay
rates to a pair of Z bosons [5].
the Higgs boson mass range below 114.4 GeV via the
Higgs-strahlung process e+e− → HZ [17]. Recently, the
ATLAS collaboration at the LHC carried out a similar
search in the HZ associated production with H decay-
ing invisibly and the Z boson decaying into a charged
lepton pair. The present result shows no deviation from
the Standard Model (SM) expectation and constrains the
invisible branching fractions to be less than 65% at the
95% confidence level [18]. The CMS collaboration has
obtained a similar result [19].
We are interested in the question of, if some deviation
from the SM expectation is observed in the future as the
integrated luminosity of the LHC is increased, if can we
determine the invisible decay width of the Higgs boson.
In fact, the experimentally observed final state is just a
charged lepton pair and missing energy. And the anal-
ysis is based on the assumption that a resonance and a
Z boson have been associated produced with the cross
section predicted by the SM and the resonance totally
decaying invisibly. It is reasonable that the charged lep-
ton pair can be attributed to the decay product of the
intermediate Z boson if the invariant mass of the charged
lepton pair is around the Z boson mass MZ . However, it
is not very convincible to interpret the missing energy as
a decay product of the intermediate Higgs boson because
there are other possible origins of the missing energy. For
example, it is likely that some dark matter (DM) can in-
teract with the Z boson or quarks, which has been also
studied extensively in the recent years. They will appear
at the LHC with the same signature. Thus, it is essential
to extract more information about the missing energy.
In this work, we perform such a study toward this di-
rection, focusing on the mass of the missing particles. If
one can determine the mass of the missing particle, one
can be more confident to judge whether the intermedi-
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FIG. 1: Leading Feynman diagrams for a Z boson and missing
energy associated production. The diagram (a) is the signal
process in the analysis of the ATLAS experiment and the
diagram (c) is the main irreducible background. The diagrams
(b) and (d) are induced by the effective operators in Eq.(2).
ate particle is the Higgs boson or not. The candidate
for the Higgs boson decay products should have a mass
lower than one-half of the Higgs boson mass. This study
is closely related to searching for new physics. In the R-
parity violating supersymmetry model, some sparticles
would decay into SM particles and a neutralino, which
becomes invisible if it is lighter than the other supersym-
metry particles and stable enough [20]. In the large extra
dimension model, the Kaluza-Klein graviton can escape
from the detection at colliders, manifesting itself as miss-
ing energy [21]. Cosmology observation has confirmed
the existence of DM in our Universe [22]. It can be pro-
duced at colliders if it is light and has interactions with
SM particles. Because it is stable, it is not detectable at
colliders [23]. Searching for all these kinds of new physics
requires analyzing the events with missing energy and re-
coiling particles, e.g., a photon [24–28], a lepton [29], a
jet [30, 31], aW/Z boson [32–34], or a top quark [35, 36].
Therefore, it would be helpful to distinguish them if we
can know more about the missing energy. In this paper,
we focus on the case of missing energy and a Z boson
associated production, which is important to determine
the invisible decay width of the Higgs boson. The method
employed here can be generalized to other cases.
EFFECTIVE OPERATORS
The Higgs boson is special in the SM. Its mass term
is not fixed by the gauge invariance and provides an op-
portunity for this particle to couple with some SM gauge
singlets still with renormalizable interactions [16]. The
simplest case is adding to the SM a new real scalar S
with the Lagrangian given by [37–40]
Lmin = LSM + (∂µS)
2
2
− m
2
0
2
S2 − λS2|H |2 − λS
4!
S4. (1)
The new real scalar can account for the observed DM
density if a global Z2 symmetry is imposed, under which
all the SM particles are singlets while the new scalar can
transform nontrivially, i.e.,S → −S. To maintain this Z2
symmetry, the new scalar should have no vacuum expec-
tation value (VEV), 〈S〉 = 0. Thus, its mass mS is given
by m2S = m
2
0 + λv
2, where (0, v)T /
√
2 is the VEV of the
Higgs field. When 2mS is smaller than the Higgs bo-
son mass mH , the Higgs boson can decay into an S pair,
namely, Higgs boson invisible decay. This would modify
the total width of Higgs boson and therefore affect the
cross section of Higgs boson production and decay into
other final states. Through the mixing with the Higgs
boson, the S pair can annihilate to SM particle pairs, for
which the cross section is constrained by the DM relic
density. With the same interaction as in annihilation, S
can scatter with nucleons, which can be measured by DM
direct detection experiments. Given that the Higgs bo-
son mass is around 125 GeV, this model receives strong
constraint after considering the results of searching for
Higgs boson at the LHC, cosmological relic density and
the DM direct detection [41–47]. Therefore, more compli-
cated models , in which more particles are included, are
proposed [48–51]. There are no rules, in principle, that
these additional particles should be very light [48]. And
they are perhaps heavy since a lighter particle is often
much easier to find either in the decay product or direct
production at colliders. In this case, the role played by
these particles can be described by effective operators,
OZ = m
2
Z
4Λ2Z
ZµZµS
2, Oq = mq
2Λ2q
q¯qS2. (2)
They can induce the production processes described by
the Feynman diagrams (b) and (d) in Fig.1, generating
the same signature at hadron colliders as the process as-
sumed in the experimental analysis, e.g., the Feynman
diagrams (a) and (c). Note that OZ and Oq are not
gauge invariant. In fact, one can write down gauge invari-
ant operators with higher dimensions and get the above
two operators after symmetry breaking. For example,
the first operator OZ can be generated from the gauge
invariant dimension-6 effective operator:
O(6)Z =
κ
Λ2
(DµH)†(DµH)S
2, (3)
where Dµ is the usual covariant derivative, and H de-
notes the SM Higgs field. After the Higgs field gets a
nonvanishing vacuum expected value, O(6)H would deduce
to OZ and the associate similar operator
OW = M
2
W
2Λ2W
W+µW−µ S
2 (4)
because the Higgs field couples with W and Z bosons si-
multaneously. The second operator Oq can be generated
3from the gauge invariant operator of dimension 6
O(6)q =
κλq
Λ2
Q¯LHqRS
2 +H.c., (5)
where λq is the Higgs-quark-quark Yukawa couplings in
the SM.
Here we choose these two effective operators in Eq.(2)
because they are the only ones in the leading power order,
and representative, one of them inducing an s-channel
and the other inducing a t-channel process; see Feynman
diagrams (b) and (d) in Fig.1. The detailed discussion
on the possible gauge symmetry breaking mechanism is
beyond the scope of this paper. The above effective op-
erators have been discussed in the study of DM [52, 53].
The main difference between Feynman diagrams (a)
and (b) is whether the missing particles have a fixed
invariant mass. In some phase space points where the
invariant mass of the S pair is around the Higgs boson
mass, Feynman diagram (b) would be equivalent to Feyn-
man diagram (a) up to some constant coefficients. How-
ever, the phase space for missing particles cannot be fixed
experimentally and must be integrated in any observable.
It is the purpose of this study to find a way to reveal this
difference.
NUMERICAL DISCUSSION
To distinguish the different processes shown in Fig.1
and extract precise information on Higgs boson invisi-
ble decay, we should understand the properties of the
cross sections first. At the moment, we neglect the in-
terference among the Feynman diagrams (a, b, c, d). This
is reasonable because the total widths of the Higgs and
Z bosons are small enough so that we can use narrow
width approximation in calculating the Feynman dia-
grams (a, c) and thus do not need to consider their inter-
ference with the Feynman diagrams (b, d). In numerical
discussion, we have taken mH = 125 GeV, MZ = 91.18
GeV. We use the Monte Carlo method to calculate the
cross section for Z boson and missing energy associated
production at the LEP and LHC, and find agreement
with MadGraph5v1.3.3 [54] for processes at the LHC.
The CTEQ6L1 parton distribution function (PDF) set
[55] is chosen and the renormalization and factorization
scales are set to be 200 GeV, which is about the sum of
mH and MZ .
Before proceeding, we have to find the allowed param-
eter space of (ΛZ/q ,mS). In the following, we will discuss
the DM relic abundance and direct detection experiment
LUX as well as the Z boson and missing energy associ-
ated production at the LEP and LHC.
Constraint from relic abundance
The DM relic abundance is a precision observable in
cosmology and imposes constraint on any DM model. It
is determined by the annihilation cross section of DM to
SM particles, given by [56]
ΩDMh
2 ≈ 1.07× 10
9GeV−1xf
MPlg
1/2
∗ (a+ 3b/xf)
, (6)
where ΩDM is the cold DM energy density of the Universe
normalized by the critical density, and h = 0.700± 0.022
is the scaled Hubble parameter. a and b are the coeffi-
cients in the partial wave expansion of the DM annihila-
tion cross section, σanvMøl = a + bv
2
Møl + O(v
4
Møl). vMøl
is called Møller velocity, defined as [57]
vMøl =
√
|v1 − v2|2 − |v1 × v2|2, (7)
where v1 and v2 are the velocities of colliding DMs in
the cosmic comoving frame. Note that this velocity is
different from that in collisions at colliders, since the col-
liding DMs in the Universe are not necessarily moving
along a line. And vMøl cannot be transformed into the
center-of-mass frame of the two colliding DMs because
the thermally averaged total annihilation cross section
〈σanvMøl〉 has to be evaluated in a common frame for all
collisions. In general, it is difficult to calculate 〈σanvMøl〉
due to the complex definition of vMøl. Fortunately, it is
proved that [57]
〈σvMøl〉 = 〈σvlab〉lab 6= 〈σvcm〉cm, (8)
in which vlab = |v1,lab − v2,lab| is the relative velocity in
the rest frame of one of the incoming particles and vcm is
the velocity in the center-of-mass frame of the two collid-
ing DMs. The DM is moving at nonrelativistic velocities
when freezing out; thus, v ≪ 1. g∗ is the number of
relativistic degrees of freedom available at the freeze-out
epoch xf . And xf is evaluated by [56]
xf = lnA− 0.5 ln lnA+ ln
(
1 +
6b
a lnA
)
(9)
with A = 0.038ag/g
1/2
∗ MPlmS . g counts the internal
degree of freedom and is equal to 1 for a real scalar in
our case.
For SS → ZZ or qq¯, the annihilation cross section is
σZan =
1
32pis
(
M2Z
Λ2Z
)2 √
s− 4M2Z√
s− 4m2S
(
s2
4M4Z
− s
M2Z
+ 3
)
,
σqan =
Nc
8pi
(
mq
Λ2q
)2 √s− 4m2q√
s− 4m2S
s− 4m2q
s
. (10)
These results are in agreement with those in Refs.[23, 58,
459]. Substituting s ≈ 4m2S+m2Sv2+3m2Sv4/4, we obtain
aZ =
1
32pi
(
M2Z
Λ2Z
)2 √
m2S −M2Z
(
4m4S − 4m2SM2Z + 3M4Z
)
2m3SM
4
Z
,
bZ =
1
32pi
(
M2Z
Λ2Z
)2
3(4m4S − 8m2SM2Z + 5M4Z)
16m3SM
2
Z
√
m2S −M2Z
.
(11)
and
aq =
mq<mS∑
q
Nc
4pi
(
mq
Λ2q
)2(
1− m
2
q
m2S
)3/2
,
bq =
mq<mS∑
q
Nc
4pi
(
mq
Λ2q
)2(
1− m
2
q
m2S
)1/2
5m2q/m
2
S − 2
8
.
(12)
The latest WMAP data and distance measurements
from baryon acoustic oscillations in the distribution of
galaxies and Hubble constant measurements give the con-
straint [22]
ΩDMh
2 = 0.1157± 0.0023. (13)
Requiring that the DM relic abundance is lower than
the observed central value at the 2σ level, the allowed
parameter space of the effective operator is determined.
We show the parameter space in Figs. 2 and 3 for the op-
erators OZ and Oq , respectively. Because of the heavy
mass of the Z boson, we show in Fig. 2 only the DM
mass larger than 92 GeV. For mS = 100 GeV, the up-
per limit of ΛZ is about 500 GeV. For mS < MZ , the
annihilation cross section of SS → ZZ is vanishing. An-
other annihilation channel is required to satisfy the relic
abundance constraint, e.g. SS → e+e−. This can be
established in a UV-complete model. We are working
in the effective operator picture here and will not discuss
this further. What we must keep in mind is that the relic
density provides an upper limit on ΛZ while the direct
detection experiments and processes at colliders impose
lower limits. There is some parameter space for the DM
signal mimicking the Higgs invisible decay as long as the
upper limit is not smaller than the lower limit.
Constraint from direct detection
DM around the Earth can scatter elastically with
atomic nuclei, resulting in recoiling movements of nu-
clei. These events, if observed, can be explained by DM-
nucleon collisions, which can be divided into spin depen-
dent and spin independent according to the DM-quark in-
teractions. Generally, the spin independent elastic scat-
tering cross section has a large value and thus gets a more
stringent constraint from direct detection experiments.
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FIG. 2: The allowed space of (ΛZ , mS) from relic abundance
. The region below the solid blue line is allowed. The gray
region corresponds to ΛZ < mS.
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FIG. 3: The allowed space of (Λq, mS) from relic abundance
and the direct detection experiment. The region below the
solid blue line is allowed by the relic abundance. The re-
gion below the dashed red line is excluded by the LUX direct
detection experiment [60]. The gray region corresponds to
Λq < mS.
The most stringent limit on the spin independent elastic
scattering cross section comes from the LUX experiment
[60]. Therefore in this analysis, we only consider the data
of LUX in order to obtain the allowed parameter space.
The DM-proton spin independent elastic scattering
5cross section 2 is given by [23, 61]
σSISp =
m2p
4pi(mS +mp)2
[f
(p)
Sp ]
2, (14)
where
f
(p)
Sp =
∑
q=u,d,s
f
(p)
Tq
CSq
mp
mq
+
2
27
f
(p)
Tg
∑
q=c,b,t
CSq
mp
mq
, (15)
with [62]
f
(p)
Tu
≈ 0.020± 0.004, f (p)Td ≈ 0.026± 0.005,
f
(p)
Ts
≈ 0.118± 0.062, f (p)Tg ≈ 1− f
(p)
Tu
− f (p)Td − f
(p)
Ts
.
(16)
In our case, CSq = mq/Λ
2
q. After comparing with the
LUX data [60], we obtain the allowed parameter region
in Fig. 3. It is observed that the combination of the
relic abundance and direct detection experiment results
in very stringent constraints on Oq. Only a limited pa-
rameter space with mS < 5.5 GeV and Λq <110 GeV is
allowed. We notice that there are no such constraints on
the parameters of the operator OZ since a nucleon does
not contain a Z boson. Therefore, we will discuss only
the case of OZ in the following part.
Constraints from Z boson and missing energy
associated production
Apart from DM annihilation and elastic scattering
with nucleons, DM can be produced at the colliders. Here
we are interested in the process of Z boson and missing
energy associated production at the LEP and LHC, i.e.,
e+e−(pp) → Z∗ → SSZ. For the LEP experiments, we
take the upper limit on the invisible Higgs boson produc-
tion cross section at 206.0 GeV, given in Ref. [17]. We
show the excluded parameter space in Fig. 4. It is found
that the region excluded by the current LHC has covered
all that by LEP, indicating the better sensitivity of the
LHC to the new physics. As the increasing of the data
accumulated at the LHC, the excluded region will en-
large if no signal of new physics is observed. We show in
Fig. 4 as well the curves corresponding to the upper limit
on the cross section of HZ production at the LHC with
a Higgs boson branching fraction of 65%, 10%, and 5%,
respectively.
On the other hand, if an excess of events is found in
the future, it may be induced by OZ with the parame-
ter combination lying on the curve that corresponds to a
2 In practice, the DM-neutron spin independent elastic scattering
cross section is almost identical to the DM-proton one [23].
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FIG. 4: The allowed space of (ΛZ , mS) from Z boson and
missing energy associated production. The shaded region is
excluded by the limit on the missing energy and Z boson
production at the LEP [17] and the LHC [18]. The three
curves from the bottom up correspond to the cross section
of HZ production at the LHC with a Higgs boson branching
fraction of 65%, 10%, and 5%, respectively.
fixed Higgs boson branching fraction. Then it is essen-
tial to judge that this excess results from Higgs boson
invisible decay or DM associated production with a Z
boson.
Missing transverse momentum distribution
Now we show the normalized pmissT distributions for
missing energy and Z boson production at the 8 TeV
LHC in Fig.5 for the process induced by OZ . We
see that the shape of the process induced by OZ with
mS = 30 GeV is very similar to the SM process of
H(invisible decay)Z production. This similarity suggests
that one cannot simply interpret the signal of missing en-
ergy and a charged pair production as the associated HZ
production with Higgs boson invisible decay.
From Fig.5, we find that the peak position for the pro-
cess induced by OZ is moving toward the large pmissT re-
gion, and the tail of the distribution drops more slowly as
the DM mass increases. To make it explicit, we present
the fitted formulas describing the peak positions:
ppeakT,OZ = 15.83 GeV + 6.67 GeV
mS
10 GeV
. (17)
We notice that this formula is fitted from the partonic
simulation results, not including the parton shower and
hadronization effects, high-order QCD corrections, etc.
The exact peak positions may be different after taking
6 [GeV]miss
T
 p
0 50 100 150 200 250 300
N
or
m
al
iz
ed
 sp
ec
tr
um
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
 SM H(inv)Z 
 SM Z(inv)Z 
=10 GeV  S m
=20 GeV  S m
=30 GeV  S m
=40 GeV  S m
=50 GeV  S m
FIG. 5: The pmissT distribution for missing energy and Z
boson production at the 8 TeV LHC induced by OZ . We
also show the SM processes of H(invisible decay)Z and
Z(invisible decay)Z production.
into account all these effects. However, we still use this
formula as long as the difference between the fitted value
and the exact one is not very large. For comparisons, we
also list the values of the peak positions for the processes
in the SM:
ppeakT,HZ = 50.0 GeV, (18)
ppeakT,ZZ = 32.5 GeV. (19)
At the low integrated luminosity of the LHC, the ob-
served events may not be enough to provide a full de-
scription of the pmissT distribution. For this reason, we
propose two observables that can be used to distinguish
the underlying processes at the early stage of the LHC,
defined as
R1 ≡ σ(p
miss
T < p
peak
T )
σ(pmissT > p
peak
T )
, (20)
R2 ≡ σ(p
miss
T < p
cut
T )
σ(pmissT > p
cut
T )
. (21)
Here ppeakT is defined theoretically as the pT value around
which the distribution is the largest (the experimental
value of ppeakT is discussed in the following). It may take
different values for the signal and background events.
And the default value of pcutT is chosen to be 150 GeV.
R1 describes the profile of the peak region while R2 in-
corporates the information on the tail region. It is more
convenient to adopt these two variables rather than the
full distributions to understand the underlying processes.
Moreover, because of the ratios in R1 and R2, the coef-
ficients of the operators are canceled. As a consequence,
R1 and R2 are functions of only the DM mass, provid-
ing a handle to the masses of invisible particles. In par-
ticular, many effects that may change the leading-order
prediction, such as the factorization and renormalization
scales, PDF sets, parton shower, and higher order correc-
tions are supposed to be canceled substantially in these
observables as well.
We emphasize again that we are interested in how to
distinguish the signal processes between Higgs invisible
decay and DM associated production after the discovery
of the signal. In this case, we can divide the total events
observed experimentally to the background (mainly ZZ
production) and signals (possibleHZ production or SSZ
production). And therefore, the two observables, R1 and
R2, can be measured separately for the background and
signals.
The theoretical prediction for the dependence of R1
and R2 on the DM mass is shown in Fig.6. In the plot of
R1, the curves are obtained by using Eq. (20) with the
corresponding ppeakT given in Eqs.(17∼19). It can be seen
that R1 is insensitive to the DM mass for the processes
induced by OZ and takes discrepant values between the
SM processes and processes induced by OZ . On the other
hand, the experiment would give pT distributions in bins
for both the background and signal, from which we can
obtain a rough estimate of ppeakT . But because of the
limited signal events, the bin is perhaps too wide (for
example 10 GeV) to precisely determine ppeakT . In this
case, we choose ppeakT to be the left (right) edge of the
maximum bin if the left (right) neighbor of the maximum
bin is larger than the right (left) one. Then we count
the left and right bins, obtaining the experimental value
for R1. Given that the definitions of p
peak
T are different
from the theory and experiment sides, it is possible that
they are not equal to each other. This uncertainty would
dilute the precision in determining the value of DM mass.
From Eq.(17), ∆mS ≈ 1.5∆ppeakT,Z . Thus, an uncertainty
of 5 GeV in ppeakT,Z would result in an uncertainty of about
7.5 GeV in mS. So we will not use p
peak
T,Z to probe the
value of mS . However, we can still use R1 to separate
the HZ production with Higgs boson invisible decay and
Z boson with DM associated production processes. In
Fig.6, we show the uncertainty of R1 by changing the
ppeakT by ±5 GeV. It can be seen that the values of R1 for
the DM associated production and Higgs invisible decay
processes do not overlap, except for a very small region.
R2 is very sensitive to the DM mass for the process in-
duced by OZ , especially in the DM mass range mS < 50
GeV. If the experimentally measured value of R2 inter-
sects with the curve corresponding to the process induced
by OZ , we can determine the mass of DM. The uncer-
tainties arising from the variation of scales and PDF sets
are also calculated, explicitly shown in Fig.6, which turn
out to be small, as expected. After taking into account
the scale uncertainties, which are much larger than those
from the PDF sets, the accuracy of the determined DM
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FIG. 6: The dependence of R1 and R2 on the DM mass. The
narrow bands indicate the scale uncertainties by varying the
default scale by a factor of 2. The wide bands in the upper
plot are obtained by changing the ppeakT by ±5 GeV. The
blue and green dashed lines represent the results obtained by
using CT10 and MSTW2008 PDF sets, respectively. The R2
value for Z(invisible decay)Z production has been divided by
a factor of 3 in the bottom plot. In the example illustrating
the estimation of ∆mS in the bottom plot, ∆R2 is set to be
0.1R2.
mass is estimated to be ∆mS = 3.4 ∼ 6.8 GeV as R2
changes from 10 to 2 (corresponding to mS from 15.4 to
65.0 GeV); see Fig.7. This estimation is obtained without
considering the effects of parton shower, hadronization
and detector simulation but under the assumption that
the measured R2 is accompanied with an uncertainty of
0.1R2. As the integrated luminosity is increased, the un-
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FIG. 7: The determined mS as a function of R2 in the case
of pcutT = 150 GeV. The error of R2 is set to be 0.1R2 and
0.05R2 for the large and small error bars respectively, while
the error of mS is derived as illustrated in Fig.6.
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FIG. 8: The determined mS as a function of R2 in the case
of pcutT = 100 and 200 GeV. The error of R2 is set to be 0.1R2
while the error of mS is derived as illustrated in Fig.6.
certainty of R2 would be reduced. We also show the sit-
uation in which the uncertainty of R2 is 0.05R2 in Fig.7.
Then, the accuracy would be ∆mS = 2.4 ∼ 4.5 GeV as
R2 changes from 10 to 2.
Then we discuss the impact from the choice of pcutT in
the definition ofR2 on the determination of the DMmass.
We have chosen pcutT = 150 GeV in the above numerical
results. But it is possible to choose a different value of
8pcutT as long as it is in the tail region (much greater than
ppeakT ). The two cases of p
cut
T = 100 and 200 GeV are
also shown in Figs.6 and 8. We see that for larger pcutT ,
the scale uncertainty of R2 at fixed mS is larger. But
R2 drops faster as mS increase at the same time. The
net effect results in a similar accuracy in estimating mS .
We also notice that too large pcutT would induce a large
statistical uncertainty, and too small pcutT would reduce
the sensitivity to mS
3. As a consequence, pcutT = 150
GeV is a good choice.
CONCLUSION
To know the total width of the recently discovered
Higgs boson particle, it is important to measure the invis-
ible decay width of the Higgs boson. However, the signal
for this measurement at the LHC, i.e., a charged lep-
ton pair and missing energy in the final state, cannot be
definitely understood as the product of the intermediate
produced Z and H bosons due to the possible interac-
tion between DM and Z boson or quarks, which can be
described by representative effective operators. First, we
consider the relic abundance, the LUX direct detection
experiment and the result of searching for Higgs boson
invisible decay at the LEP and LHC in order to find the
allowed parameter region space for the effective opera-
tors. We discover that the interaction between DM and
quarks is stringently constrained. Then we investigate
the transverse momentum distribution of the missing en-
ergy and propose two observables that can be used to
distinguish the different underlying processes. Moreover,
with these two observables, we may be able to determine
the mass of invisible particles.
In this paper, we only consider the Higgs boson invis-
ibly decaying into scalar DM, inspired by the possible
renormalizable extension of the SM. And we also assume
the Z boson and quarks also interact with this kind of
DM. Given that the DM takes more parts of the energy
in the Universe than ordinary matter, it is likely that
there are many kinds of DM and the kind coupling with
the Z boson and quarks differs from that with the Higgs
boson. For example, the Z boson and quarks connect
with fermionic DM, while the Higgs boson decays into
scalar DM. We will explore these scenarios in the future.
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